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(57) Abstract: There is provided 
a VCO (voltage control oscillation 
circuit) device used for a radio 
device such as a television broadcast 
receiver. The VCO device has a 
broad band of oscillation frequency 
and can be realized with a low 
power consumption. A VCO 
circuit group (4) oscillates a signal 
of frequency corresponding to a 
control voltage (Vt) applied to a 
frequency control voltage terminal 
(8). LO signal selection means (3) 
selects a desired output signal from 
the VCO circuit group (4). A PLL 

(6) divides the local signal (fvco) 
selected by the LO signal selection 
means (3), makes comparison with 
the phase of a reference signal, and 
outputs a signal converted from 
the phase difference. A loop filter 

(7) smoothes the output signal of 
the PLL (6), outputs the control 
voltage (Vt) as a frequency control 
voltage, and outputs the local signal 
selected by the LO signal selection 
means (3) to high-frequency signal 
processing means (1). 
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5 mtftm 

t&izmmmkfi*jmmzt>ftz> v c omimzmtz h<D-e&&. 

FIG. 2 0Ji«OVCO^g©lHl^D^^|l|lr^^o FIG. 2 0 fc:i3 WT> , V C O 

15 mmmzmfetz. 1 o 3 »v c oebss* 1 0 4 ©m^#^£^uji§ wtm 

**ff?te«as»*§- f v c o ^m^J-T^o P L L 1 0 6 tt. 10 3 TSKfcStlfcjatt 

-774)]/? 10 7tt, PLL10 6*^5tDW*tUft:ai^ffi#*¥«bT«aWS#f v c o<D 

20 ^tt^^^U^ft#:STO(C*5ViT«, V C OHlim 10 4 IZtfCTZ 3 K3B£)5l&St 
$gH#Mfc3M&» V C O0i& 10 4a, 104 bmSV C OHM 104c ^^PiTTS £ fctt 
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FIG. 2 lteVCOEli&l 0 4 a, 1 0 4 bRtfVCOtHi&l 0 4 c fc^£ft*J3ISafc 

BBojcviflisjBStfli-H-ssg i © i FWfc^aasiaft-r* v c o\m%m&fcmmtMm<n 

5 «>fc:VCOI§H» 1 0 4 a^TO-^O^W^iC^^^^ic^fflt LT<E>©g!]*fi5, 

V C 1 0 4 b t^g^<D4>^«^^S« ttT, V C OES& 1 0 4 c tt^gPfi^ 

frfc, £©«KI«T£^«£bTK3u Wttf. B*£HtiffK #M¥9 - 1 0 2 7 5 
10 2^TO^£nTV>3„ 

FIG. 2 2{^-Tc}:-5{rVCOlHlg&10 4a, 1 0 4 bRtfVCO®»1.0 4 cOt7ty h 

mm&tmffim(D3$mmfr &^«k 5 ic^si^©^#«isc£iB 5 vcou^io 

4 a*^g-TS#^ttVCOlHlg&l 0 4 b:fecfc;tfVCOII18& 10 4c fc^bTJtt^hS&ttffi 

15 

VCOmmzpm-ZnZ>#$m&<DQ (Quality factor) ifimfflk 
20 FIG. 2 Of^fi^fc, »VCOitttVCO[ll8&l 0 4 a, 10 4bJt^VCO 

mm o 4 c ra;«£ti£fgigh5>>v^ (ni^W) ©m^i&^smMiii&i osa 
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iwmmmm^it\zm^v c om& 1 o 4 awcomss&i 0 4 btt&^t39r^r 

W^fDffimm&geKttfcrz £ fcfcfc-So V C Olsl& l 0 4 a , V C OHII& 10 4b tiftftl 

fa^S5aBW^O*BH3*^^**8S^OVCO (VOLTAGE CONTROLED O 
SCI LLATOR) Elgfrfc, 21©^ffi©VCOIlI!^*t^s!^h^>^X^©^Ol^!i 

25 tcvcommv&Zo z\n\z&n& m^t^nmw^b£^tc.^fr®zmmm. 
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v c om^m^m^n^^mm^izm^x-^mmmm^mm^wm^mm 
mmkt&% bfe v c ommv$>%>o 

s&^sbb© v c o», mmmmwmTimmznzmmwfev t 
m^zmr %mmm&Dwm*mzz>mm<D v c o@Kt, £ ©w©v c oihis&© 

is cgpjn$n^>^«EEv t (c^DT^-r^^^^fflo-^^^ffift-r^ £-5 © v c o 

J&g&Wi* ©V C OB»T?&«IW£fc* «fc 5 fcffl* ©V C 0|e]&<D=H^!&£s85£L£: V C O 
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saw***? < z £\z£z>temm^o%m&m* <Dvco®&-cm&£.-rz> n t-c, jot^ 

m^*5mt*mmmkoimim&z>mm<Dv c osat , uow©v c o@bw) 
5 ©iguft^&gij \zwG£?z>mm0M& t > vcoEHw>ai*«icaBK*n. mm 
w^mnmm^mv&timizmftzftfcM i xek cm i xmmt. mmk<Dmz%>2-o<Dm 

fflHd^ zm&vfzwmnzmjrrz pll^> ^©pll ©ai^^s^bTsagffiaafes 

io Utr^itEv t £ffl*rr&;i/-:/:7^ v c osare**. 

15 &rc#mi<Dv commt, mm^Jim^mi^mzmmoimmmm (low n 

O I S E AMP L I F I ER ; OTLNA£*&cr&) £Jg§^L£:VCO^r^&£o 

20 Sfc*3fiE©VCO£ftfck ]S^S?A^«-t^#^1«^fliI©LNA*3<k^BPF (BA 
ND PASS FILTER) W&m& Ufc V C O^MT&£. 

«i©LNA«t> • *7im&&u &rcBPF®mzummkMfcmmmwm 

z t^mw<xm^zmiR~zimtTz>a &mtzmmM\z&\,*Tmmmx 
jjmmzimm^&n, ®\ztm®.<Dnm&t)*&^w&uB p Fm^z-omm^wtM^ 

25 *SitT?W3MMW8ftt*»*21i«J«a. 
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OT*5ser*5^^©<w^*«fi^© v c ommt. z. <mwm<ov c oos&cd 
#**5Str*5^^©«Ba*^*«w©v c oiai&t, £©«mi©v c oiE)g&© 

20 <bW^T?«*. 



0®©fl&J|ifcg83li 

FIG. *mWOVCOgffiZ.fc%>im~7ny#m. FIG. 2tt#38B©VCOia 

^(DTO^t^lllidiEtOM^^-r^ttE, FIG. 3fcfc*3^©VCO&Kfc«5fi&©£ 
25 lffi©JKIB©l§lBE/n y m FIG. 4 tS*^t#5VC OgB©te©li^©JKfiB©liIlfc7D 
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>y?m* fig. b\t~mtf3i^mM^m^rtv common y^m> fig. 6\zic-? 
ntt\z£&&^%&M^%&m&<D5m%mmm&^?m, fig. utic^u^ 
\z^t^^^^u^m^<D^mmmm^irm. fig. 8«^^s^«^ 
®vco\B&T*-fetvte^m&ommmmm*mrm. fig. 9«^^s^itic» 

5 vcomi^T-^tbfc#ero^^»lgH^'r0, FIG. 10W%BJt«VCO^ 

ttoftfeossffi©^©©^^-/^®, fig. i i\ttmm\zfc&vcommoM<Dmm<DB 

n<D®&7nytrm. FIG. 1 2^^»^VCO^«©MO^6t0^OIUi^yn>y^ 

fig. 1 3\$&miiz&%vcomm<Dn<DM&<nMn<D®$&7nyt7m, FIG. 14 
\t&mi\z&%vcomm(D{&(DmMoMM<Dm'$&7ny!7m, fig. i sKt^jtc^v 

10 COIlIl^tC^^ra^tiEl&WiEtWWa FIG. 1 6\^mi\Z&%>im.Wtim®& 

©ttsis^ii^r^i&f^-^j^-r^n-^^-h, fig. i 7\3&$tw\z&2>vcomm<Dm 
<D$m<D mmom^u y?m. fig. is \t^mM\z^^^)vm^mzMm- & v c 
o®&<Dmw&mmt.mm<Dmmm. fig. i Q^^fc^^^i^i^c^DT 

15 FIG. 2 QJS«CDVCO^«0[ll^n^^a FIG. 2 1 ««©VCO=g«£:fc 
^W®JEi:^JSSt»!l$ttll#^> FIG. 2 2^*»<DVCO^«{C*3^^-iz:-/h 

20 ot, *mw<Dm&(DMM\z^Twm?z>o 

f i g. i \-&mmv> v c o^«M^-^ii^-r^n y ^ eit&s. 
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*38i8®vcc«wavcoiiB»4*^rr*. vcom^4«, mmmnm 
\zmn^ti^>mmm£v t mufcjia«©OT£2§»&o Lo#*f«m3 &vc 

5 m^-T^o ^ )V? 7 P L L 6 ©tB^«^^¥mUT^g|5fi^ f v c o ©^g^« 

f i g. i ^bfc^ajov c omM t^^mjss^H^m^fc^mi-^fe 

feCjRg-Cfe^. VCO[5]S&i£4teVCO[H]{&4a, VCOiai&4bRtfVCOI§Jg&4c©30 

0 v cob^to. cm s © 3 o© v c oiais^^fcw^©«safis^*5^r*, 

«*«iiB8# 5 «dimni% 5 a , mmm& s b-&zm$imm$& 5 c ^tts. w 
mss 5 a ttv c omi&4 a srartefcftfcifcsnw*. p^k, tiii^ 5 b ttv c om 
K4.b*, «Mtiig&5c«vcoiHi{^4c^n^ ; tii^-r^fe8e)}^$n^o «Mm&5 

t «* d , m^^mBfa©^}^^^^ ©v c o®&<Dmmm<Dwm$*mferz> 
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f i g. 2\t±Mmmmt, ms&mms a, 5 b^5 c ^n^tuzttjfcr&wMA, b 

z.5htcvco®mmmD'( >\f.~?>^mmmzmmi*n%z\t.&m&vTmnu 

immmMzuimmmmc*i§.5 v c omsss a. m*\-e& d > 
10 wr^JitfeRrtg-e^D^bVi. 

f 1 g 3\t^mm\z^vcomm(Dm(Dm^(D-^i^'r^n^^m-v^o f i g. 

vco@»4©^«^)!?eo^si (fig. 1) £mv-z&z>o ttett, zmmmk 

15. ISffla*ffiMfc5VCOHI{&4a, VCOlHll^4bRWCOIlll^4c^^rr^o VCOEI1W4 

^«sfamii8&9 bmm^mmm^9 c s^tr^. n^«^iiis&9 a«vcoms&4 a$i 

i&t*^fese>{C«$nTV^ 0 |p|^pJ^ttM9 bteVCOE)i&4 b 1t»H]i&4 c ttVC 

20 fig. 3^bfevco^««F i g. i \z^vtch<D£m^M&m9jmmmm-e 

Om^W®=£& 3 , P L L 6 ^Sjc^l--^^ 7 ®*ISF I G. 1 iZ^Vtc%(Dtmm 

£&&®ffs& 2 <Dwm<Drz®izm^*>nfrF i g. 3 ^u^^bjov c ommimz^ 

25 ttMlfi]j&9 c£^£&OT&3^e>, VCO@l^4a, 4 b£Z£VCOmi&4 c^^-T?) 
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5 fig. A\t^^<ovcomm>mM^-^\t^rzfuyi7m^^o $m?wmi 

^tm-^\^^^m^w^\znm-(Dm^^n^vmmmM\t^m-^o 

f i g. 4u. mmMmt9<DimnwMm9 a, 9 bm$9 co&nm&mmmws 
mmmkfv c oiz^^xmwr^ib^mmm^m s p-LL\m9 (D#mit&fmL 
io tv c omv&vmm- zmmk* mwt&mmmk i 4 ^mxx^^x. ±ib 2 ^<di®e<d^ 

15 fig. 4 ^fflv^T^^ti^i^s©^ 3 (Dwmz&nittmwsmmmm-vhwvm 

FIG. 5«-^^^0gS^J^fflV^cVCO^K©^D^^|2lT-fe^. mzVCO®& 

<DWfaL\m&2>o l c^j»cj;^^^^ fout m^xm>^> z. tm:%5>o 

25 
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fout = l/27C I /l 1 0 • C t o t a 1 J 
C t o t a 1 (iS^tiOn >^>it C lOiCll W^^**TC v 2 OfC 
F I G. 5 \Z^Lfc#mm&%mf&lstcW&<DC totaltt* 

Cl 1 • Cv20 



C t o t a 1 =C1 0 • 



Cl 1 + Cv20 

immmk tout *mtz^z> \z\^(Dmm L m<Dm^mmmtt^^smm 
io &MfflVT$mffim font ttmttt* z. t&-e%z>. 

FIG. 6tFIG. 7fciU FIG. 5^Lfc2O©VC0mi&l, VCOI3i&2 ©fgig 

ja»afi!weB8*ia^bfc«b©T»*. fig. 6ttvco®»i&rrvco®&2§«i&r*ic 

ypirX(cJ:S«e>o#d^T^§^©^^^ffl©— ^J^To F I G. 7ttlC^ 

15 ^t, f i g. 5 ic^ufcv c ommstrtz v c oeki r#v c oess 2 (D^-n^n 

©£3BTO»fc f outlifout2 &COVvrll#:#J£fflV>T3&e>£o WiifCvCOW 
fSEVt£Vl = l. 0V, V2 = 2. OVtU *JBEV t £V 1~V 2 ©$&HT^ffc£if:£:£ 
^<D V C O0{& liVC OElgS 2 ©^gJl»CD|gffl«. 
LI 0 = 5. 5nH> C10 = l. OpF, Cll = 20.0pF^ L2 0 = 4. OnH, C 
20 2 0 = 1. OpF, C21 = 20pF, CvlO = Cv20 = 2. OpF (Vt=Vl = l. 0 
V(DW) 

CvlO = Cv20 = l. OpF (Vt=V2 = 2. 0V<£>8#) 

VCOH]g&l : 1 2 7 8MHz<f ou t 1 <1 5 1 3MHz 
25 VCOH1I&2 : 149 9MHz<f out2 <18 0 1MHz 
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tis*>%* vcowi £vcom&2 t\mmkMmsm L 8 hms^wsev 
t \zmvx?mmmi<D5?>-^<Dm&wffim (i499mhz*51 5 3 6mhz) wsMtr 

5 wz, -wen® v c onrau &tfv c on]g& 2 ©^mg&^^^T^^ >^ ^ l 1 0 1 

-f>^^L2 0®^>^^>X (H) fcffi*h^fc£S0^4% (±2%) *>L<fct5% 
(±2. 5%) 3g£L&<HKj£U ^>^^^»aJtaH©^ibfc»^VCOIlBftltV 

coih]b&2 <Dimmw§k<D%m~T?%>z> fouti' tfout2' -f >y^>x<z>*B*h$ 

&fcf£"0#£4% (±2%) t^RJtU 
10 LI 0 = 5. 6 1nH=5. 5nHXl. 0 2 (+2XOI*6^) 
L2 0 = 3. 9 2nH=5. 5nHX0.. 9 8 (- 2 %GDfcf 

VCOIIlg&l : 1 2 6 6MHz<f ou t 1* <1 5 3 6MHz 
VCOE!^2 : 1 522MHz<f out2' <182 9MHz 
15 tfc&o 

-f ^^^^flottWWfeHrs^ftftBx (±2. 5%) tfioeu 

LI 0 = 5. 6 4nH=5. 5nHXl. 02 5 (+2. 5%<Z>fc££o#) 
L2 0 = 3. 9 0nH=5. 5nHX0. 97 5 (-2. 5%<£>fcf£0#) 

20 VCOEli&l : 1 2 6 3. 0MHz<f ou t 1 ' <1 5 1 7. 1MHz 
VCOE1&2 : 1 5 1 8. lMHz<f ou t 2' <1 8 2 4. 0MHz 

-r&*r&, -i $ (Dmmw&z>~D%ifi 5 % &m?iz> vcoieig&itvcoiii!^2 
oe*> z%mtiT*%f3i^mmmm~c$>z> 1517. imhz^isis. imhz ^ 

25 b£ 521 
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<< m-vmr-x&zzi >?>^im®mm?<Dtf^&z^Thmu<Dz. tamx 
mov c om$&<D%mmmmmo— m^mtr %> <k a \z, m* © v c om& i wv c oisg& 

^fc, $m<Djm4\z&^xi&, ^mwmm&*m\^m\z^xmm^*i a 

«0^4(r^V^T«> ^^©«^H^<toT^»{jfi 

$t> fig.. 8tF i g. 9fct vcoiin&o^sji^^-r. f i g. si-mmm* 
mwcm<Dvcom^~mzvu^^(D^mm^tummmvt<Dm^^T. fig. 9 
20 izmmmzmmw c omg&Tia^-^t ifci^©»«twiEv t om^^ 
lt^&o f i g. 8 \3M\z±m~r?&®r£ foutitfout2 ofmmmktmmmzv t 

FIG. 5i^UfcVCO[sII&l£VCOlH]!&2«> ny^y^ (C10=C20 = 1. 0 
PF, CI 1=C2 1 = 20. OpF) tvm&WO?? (Vt=Vl = l OVf^KCv 1 0 = C 
25 v20 = 2. OpF, Vt=V2 = 2. 0 VB#{£Cv 1 0=C v 2 0 = 1. OpF)£|WJ— (DM 
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/&£UT> -f>y^l0 (=5. 5nH) W>^^2 0 (=4. OnH) 
f ou t 

5 ^Jfout l/AVt = (foutlmax-foutlmin) / (2. 0-1. 0)=3 
0 2MHz/V 

Jfout = (f ou t 2max - fout2min) / (2. 0-1. 0) =2 

5 8MHz/V 

10 5S6«KflW:#ViVCOIll» 1 <DjjtffflfflW£V t ®j^i^S^t<WI«ftt J ? > 
FIG. 9HU IIiC»VCOtsll^O^^S^a^-^tbfc^©^^»^W« 

jev t t©M«^-r 0 vcomg&i ivconii^2<D^^?^^n^tif outi" if 

ou t 2" tVT&to 

15 ^QSgg^OMBfctt. (L10, L20) tn^^tf- (Cll, C2 

1) ZmWc. Z.tHE>$&&k<D%m$, LI 0 = 5. 3nH, L2 0 = 4. 1 nH, CI 1=4 
5. OpF, C21 = 9. 5pFT35§. 

C£T> ±f5^C^il^O^«^T. VCOHH&l (DmmmjkA font 
1" /^IVt, VCOHli^2©^iffi*^f ou t 2" /^VtttSi, 
20 ou t 1" /AWt = (f ou t 1" max - f ou t 1" mi n) / (2. 0-1. 

0) =2 7 4MHz/V 

Jfout2" /AVt= (f ou t 2" max - f ou t 2" mi n) / (2. 0-1. 
0) =2 7 5MHz/V 
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5 ^v««e© v t ( i . o v~ 2 . o v) T~mmmk*mffl'rz>M!$. t vtzfctbmmmz 

*mmmmi\zmfchtzM fc&m^z z. t \z£^Tmmm*i&<-?z> z. t hvjmv&z* 
io fig. i Q\zvcomm<Dm<Dmj&<D^]*7&?7uy?m-e$>z>o fig. k^u^ 

OHli&4 c &frf Z>. LOmnWi^3\t. VCO@i&4a, 4 c 03-OOtH^«# 

20 f i g. i o \z^vrcmm<Dmm 5 «s s mwmoM 1 xnjg& 20a, m 1 xnig& 2 0 
bmm 1 xmi^2 0 ctf»&&*M i xmmt&nrtZo z-tizmmou 1 xmi^©- 
ti\mmwiKiim^mi^2i<Dm^mizw^nx^o *h$c»m i x®&<d®% 

(DAMZ.V CO[HlS&4a, V C OIHS& 4 b RtfV C OlHli& 4 c ©ffi^J^n^tlg^S tlTVi 
IfifWM I X0I&2 0 a, M I XIUS&2 0 h~BCtfM I XIEH&2 0 c ^•tl^tl©tB^#M?fi 

25 mmnm^mi^: 2 2 fdg^snw&o 
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FIG. 1 l«VCOg«<D{ife<D«(D-^!l^-r^O-/ i i7El-Tr25^ 8 FIG. 1 0 \ZmV 

■vcommtAu, mmmmm*mt*&?\mm;tc. v cornea, vcoigg& 
4bRtrvcons&4c^^rr§o ^annii& 9 *^rtz> 0 mmm&9tewmtmm 

%9a, *T^m»iIIIi&9 bRU^«»II|j&9 cT^StlTlASo rJ^«MI9 attVC 
OEJS&4 a©^ft«^-e$.^. mmz, vmmtfm.'d b, 1I^«M9 ckfcVCOIU8&4 b, 

*f^1EMl]i&9 a,' 9 bEOT^«MHI&9 c Oft^^SUteilSb, VCO@S&4 a, 

4 bs.trvcoms&4 c ^im^^^^mmc}zM^immwm^cn-vfsi<, mm 
^nmmmzz<Dmmm>m&. mmmz& 0 mz%mk<Dmmm3t *>o & v c os« 

FIG. 1 2ttVCOM©to«^-^J^-r^n^^|lIl?*^o FIG. 11 \ZmV 

tdm&<mmG omm^tm-^rzim)^^m^m\z\tm-(D^^mu mmmm 
Mmmm^xt}tm L 2 a£&LNAS¥2 3#jm*nw&. lna2 3WteMm%&i&<D 

i?S5LNA2 3 a, LNA2 3 b&^LNA2 3c$fU ^nSlSMOLNAtf^tl^tl 
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<Dmjim^&mc<mnmm'Zffimmi$.<DmfiZ>M i xeh»2 oa, mi xiHig&2 o bmt 

m i xm&2 o c fcA3rr*«tefcfc bws. 

LNA2 3 a, LNA2 3 bRtfLNA2 3 c tettBB*ttb&V>tft, ^Ute**l5©flsSWt 
5 A27*B7-2 a^6#aS&*tUtA^J«#**(MBU ittBbfc«^*M I XSU&2 0 a, 2 0 bRtf 

2 0c ii^tiujw^, xmttm^fii!2 2«m i X0S&2 o a, 20 bmm I X® 
k 2 o c frz mir^nrd^mmmtim^mivi:, ^<d^<di ttmmmzmim? 2 b 

73:43, m* <D L NA©M^lQ»^*^m^&^ffl^^JLfeI^©^*mS^i 
10 -r&il£T> LNA*J!^WIrrS»™t^^^K^*^n$«C1^73:<«»*^^ 

FIG. 1 3«VCO^g®teO^O— 0iJ*^-r^n«/^^T&^o F IG. 12t^L • 

15 »wr*. 

LNASf 2 3©ffi^CJljffiBi^^^NS®fiSIB*^rbfcBPF ct>hv^^^;^) 
Hll^2 4*^b7c:C«i:l?FIG. 1 2 fctt*ffiTr*. LNA»2 3fcttF I G. 12IC^b 
fcJ:-5{CLNA2 3 a, LNA2 3 bRtXLNA2 3 c <D3^>(DLNA&ffi&C?Z> a BPFIS]g& 
2 4 ©Hfc&flMWaM I XE8&2 0 a , 2 0 b&tfM I X08& 2 0c #$&3tl§. 
20 JiS^«^A^»2af3X^SnSii5^##^^a73:^ito{»^n, ^tt^Ffe© 

FIG. 1 3{^ViTttBPFIslB&2 4*, LNAf2 3 ©&g*:@Eg£l*fc^ L 
NAf*2 3©t&§k «t>-S, itS^M^A^»2a©^@ESLTfc«fc^ 0 £7c, LNAI* 
25 2 3©ltrgiSLD^g:©W^c:EiSbT , b«kv\ 
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fig. i4\tYcom^^m^m^m^(oH^^rr^uyi7mvh^o fi 
g. 3 \z7jkLfc.mm(DMm 2 ©^^ii^-*fe^^«>^^^«isi-©^#^##b, 

5 f 1 g. 1 4 fc^bfev c osai»aa®i*ffiM^6i; 1 5 £3rr&. sfWH^HjefNa 1 5 

FIG. 14 (C^LfcV C 0=gM«F I G. 4 K3Kb&%>© £ DftM'$¥S 13* 
ttNftOaU SSfclfyhRD* (Bit Error Rate ; kCFBER£$&rf£) 

10 r*. ber«wi 2mmBBRwmi^vit&*)]tt*mtifr*. "b 

SHWjLT, ««(Hl^9^m$nfcRl^«Wllll^9 a, Tm«M[§]i&9bRtJnJr^fl8is 

15 iHliIS&9c©«S!E*«r^ 0 

—m £ bT, FIG. 14 fc^UfcV C OlH]g&4 c (DpJ^mWlHg& 9 c onm*, 
y*i?*)]#mism96 1 1 , B E RW&UI& 1 2 mmm\W^&. l 3 fcioTt^J: 5 fcfUS 
3n*5WC3WTF I G. 1 5m*F I G. 1 6 ^m^xmrnt^ 
F I G. 1 5fck IS6tt$&*3$St »*«§rga:bfc<h^<7)F I G. 1 COMto 

20 4 c©tilM^FVCO©&tiit (c, d, e) «gft£QfiM& 9 c Tg&rf3« (C, D, 
E) iiommimTo FIG. 15T?K£, ±ISte*B^i:±IB«SiE©53^ WiC^ftmm 
tf**fe/Jv£<fctK -T0im©#tfe^-^^f. «ft£C«fct)t>/jN£<LTD, ET^Lfcfii 
tCTCbTfe, CT^fc{fi<kO ! b±#<bTF, GT^b^ditKi^bTfe^B^te 
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WZ, FIG. 14, FIG. 1 5*#fiiL/^e>F I G. 1 6 (^Ufc7n-f 
V^TfiBJ-r^o FIG. 1 6UWtfi&fflM?% E £m*^hfe7U— 9-+— h~e&2>. ft:fc v 7P 
-ft-hO^lOXry^ I^^HIi^frtU, FIG. 1 5 {£^UfcVCOt§]B&4 c 

io ©*ti£*mii8&9 c \tm$m&&mh'i^<tz&nmc\zBfe-znT^%> (sioo . 
MzriSfjimMmmm v c ogm^ts gmmoMmwmmtitim- 2 1> & s m 

^^tlfe^^v'^VmpOTbBER- l£tfctti-r3 (SI 0 2) , JSSWSWCBE 
R- 2&m&t%> (S 10 4) c 

15 ^*nT.vi**»iv»5Jt*«3fr , b©'T?*«^5, mj@w©i^fc*n-^nBER*twtiu 

*B£EIHH 2ttBER- ltBER- 2fcJt*feU BER- 2^BER - l«t0^Vi«# 

»ds<g«*6^bfca:*iwfr* (si 0 6) o z\(Dti*\z, mmwmki zumrnrntM 
m(Dm^wmr^tc^zamm^m^9 c ©«ss«rc«kDiavHiioE^s«t-5 

20 (S 1 0 8) . 

■e^TO^bT, BER - 2*tftttH/fcSMS^IW*^iTBER - 3Stftmf S (S 1 
1 0) o BER - 3#BER - 2 J;D/h^V>«^^ g«^fll^#Lfc£«-r& (S 1 1 
2) . pJ^««[Hli^9c©ttSS5^Ei;OMtC{£ViDtC^r^o ISttSStebT* 

-5@^IBffiMfe» BER - 5£&tBT3 (S 1 1 6) . BER - 5#BER - 3 «kD/JvSV*»fr 

25 jdSfBttSs&ssecwu^^JWfu ©i^©t^Tiw^$«r^ (s 1 1 4) . 



WO 2005/002056 




:T/JP2004/009287 



20 



BER- 5tf*BER- 3«kO^Vi«^WSffltt*^eK:^kbfei*lWfU «9iSS:E<Z)« 
\zmr (S 1 0 8) . 

sat, ber- 3*«ber- 2«ko^:#^fcifttBstife»&»3u ^mBm^iti^rctmm 
u *s8&mm&9 cvmfo&EfrZFfcmstrz (s n 8) . ber - 4&im 

5 (S120)U BER - 3<hBER - 4t&ttMT% (S 1 3 0) . BER - 4^BER - 

3 <£ o v ^w&n&mmm^ ziz&itvrctmmu mm* f £ d $ e> \z±%f£G<Dm\zm 

(SI 24) o ^roym. BER - 6£*feffl (S 1 2 6) U BER - 4 i:BER - 6 
1»T«> (S 1 2 8) o BER - 6*tBER - 4«k0/h*V>^jaS(BJ|6*&«Wbfcfc*«|»fU 

«^^G©i^©wei!^*»rr?> (s 1 2 4) . ber-6^ber- 4 «fcMc*v>»s- 

10 HM3»SSbWSWkUfci*IBfU ^*G©K5£©ttil (S 1 1-8) T3ttf^*«tl*rs. 

OTTOcbT, b e RCD^mtm^n^m^^m^M'D^mizjt^'Tm^mmm © 
&jz<d&5\z, %.mm<Dmk<Dms&^?B e RcsgftfasuT, i@*©vcoiiii&©^£ 

FIG. 17«VCO^«^tJS«Sg®^cO— 0fy*^f^a-;^0-T?*S. FI 

g. 3 ^htcmmomm 2 <Dm^tm— ^ft^^^mm^izitm-^w^w-^u 

20 fig. 17 £fflv*TffiW3n*«©JBffi 1 0 7i?*)i&mJ&&fi&m 1 8 

z. t-c% z\n^om<om(mmt.\mm-^o ?i??)\&Wy£&mmk 1 8 

mm 6«, M&##i±i^»2bj6^m^$nsffi^«^©7 s ^^;i^ii^*t^Tst 
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ffitt\zj&vfcT±u#m^*}ftfttz>. f i g. 1 7U2*>\zmiMm^m 3^>rr^o m 
mmmk i 3 t^i^wj^hiss i i & <DTi-u#mmafeVTWft&m& 9 jc 

5 S. 

td<fcoT, nJMMlE]B&9 c £J;£VCOIIl!&4 c ©«d®i^<D!Wfr£F I G. 15, FIG. 
18RtfFIG. 1 9 SffiViTBKTr*. 

fig. i8«, ■7 J ^;HeBt*aS: (MmoBfacNR) t^ntcMjr^vcomi^o 
io H^tfc*^i#^<ttx«sfez)^^-r. hjit, y s &*)wai&3& (i) , 7*z??jvm%tt 

( 2 ) R^^^I^IS^; ( 3 ) tt**H?n 2 5 6 QAM, 1 6 Q AMBOtQ PSKii^tc 

15 Wi^iWTf^;iti»giaW5 1 F«^<z)«w^«^it (cn 
r) £±#<^&-r&i&^&s 0 

•^-T, FIG. 18^T<fc5£. aaW*S5: (1) » ^UtoS (2) RtfaSfeS; (3) 

25 m-«^affisiw^k««Mfe&«»5na. 
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fig. i9«> ^j?)\^mtt\z£^T±mmit*M^&WE(D~wi&^vtc7 n-^ 

fci^r^ (S 2 0 0) . 

5 *fcf^;MB«!ii»i iT^^.n«wsi€«a (s 2 0 2) u 

(2) -VftZmG (S 2 0 4) B^««lHl]i&9 c©TO£WfcEfcafe!*£ii- (S 2 0 

6) , ao, mmr& (2) ©«p»dWT^^^aMe^i^-r^o 
£H*3a»«3awaa; (2) ^nt£^M&iz\tmy&: (3) ^sd^^jj&r* (S2 
0 8) , (3) iw$njte^*TO*s&fc^*s©Dic^s«k5jaH3er* 

•10 (S 2 1 0) , m&T& (3) MCtt5i5«$lr5 (S 2 0 

0) . 

(3) mv^^m^vtc^mmm^mmznm&vrcmBxm^wmr^ 
&ji<D&5\z#mi<Dv commit* m&&^<^fr(D^?)\mjiimn&mmT&iimm 

m«> *rvzMm<j>^% \ 6QAMfzai&mwmi)immu mnmmmtiit (c 

NR) fc^S^^{k©J^0^V^©iS^»t^*^r^^tt, VCOHJS&<Z>«9fc£ 
#<U — ^QPSK?&t*Jtlg»«I^W*ti^LT*5Sr «3*ttt£*2jJt (CNR) 
20 VCO@»<0«ltE*8a»«Ifc^ 

sn^ feOTt*^< , 2 ^&ui<£>v c omi^^wufcv c omvmmoffif&izmm-rz ^ tan? 

25 
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i xmizmm%m£&&m xt^m^m^ z\t%usmx$>z> 0 

*=l v—??mm>. mM<Dmte&wk<Dmfewm&&mmvxz\nzmjmmm*wm&& tv> 

m<Dvcomw>t. &mmtmmm^tswm>'^&\z&<m^%z:£%mzx&z><, 

istcmkowmmmzttjfcvgz ttwz, mzmtimm^^mnx$>^ 

25 t(Dm<mi\m^m^m^z\t%^mx'$>^ 0 
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^^]T/JP2004/009287 

25 

mmB^mii-r^v-^y^ )v^^m-^> v c om 

10 fTZtz.® fc, V C 0[Ug&©^T?^^rao®H^-Si«Vi V C O @I^0^fi^(DM» 
3. tt^lfcfB«<DVCOS®C^ViT, ««Is]IK«RT^«MlElg&i:UfcVCO^ 

5 . i~4 © 1 3K-fHm©v c omm\z^x, mov c oi^ £ 

6 . m^m i ~ 5 <z> wrtu^ i mizmmov c ommiz^x, imm<o v c omi&®^ 

«^ic«k*5as«a&fi«asra«^?*« v c on*, 

7. tt^Ji i ~ 6 <D^imfr 1 3S(ciB®co v c omm\z&^T, mm^mnsm^izm 
m^n^m^mmz^xmi^mm:<Dm^m^^mm(Dv c onH&t, zwrnm 
<dv c o®m<D&x<Dmmm&&mzw^&^mm®&£> mmov c omi&otB^ 

25 mntnmwaJim^m^m&zmizntcM i x®&*^mmms^tm£®:£s vco 
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m^^^T^mm^um-r^ummm^iiiii-ir^^-'fy^ n& ^s^rr-s v c omm.* 
^ffite.mmmm*-m-z> v c o^«. 

v c osi&GDv i ^> sa^ti^swi^ s AJiznz&m 

25 isis&<p«8iE^#^^«»»^^rr^vco^e 0 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG. 8 



tout (MHz) 
fout2max(1801) 



fout1max(1536) 
fout2min(1499) 

foutl min(1278) 




-^dfout2/Vt=302MHz/V 



►Ztfoutl /Vt=258MHz/V 



Vt(V) 



FIG. 9 



tout" (MHz) 
fout2"max(1801) 



foutl "max(1 554) 
fout2"min(1526) 

foutl "min(1 280) 



a : 

: 

;l I 

: 
| 






-^jfout2"/Vt=275MHz/V 


:::::::::::::::::::::™::::::::i^^::::::::::::::::::^ 


-^Zlfoutl 7Vt=274MHz/V 


: 
: 

i 

: 
: 

1 i 


► 



1.0 



2.0 



Vt(V) 



WO 2005/002056 



T/JP2004/009287 




WO 2005/002056 



T/JP2004/009287 



9/20 

FIG. 11 
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FIG. 12 
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FIG. 13 



WO 2005/002056 




2a mmmE^Xmm^ 



2b 




WO 2005/002056 



T/JP2004/009287 



12/20 

FIG. 14 
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FIG. 1 6 
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FIG. 17 
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FIG. 18 
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FIG. 20 
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FIG. 21 
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FIG. 22 
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